In this contribution we discuss light charged Higgs signatures in two-Higgs-doublet-model (2HDM) type-1 and type-X. We determine the allowed regions by including several theoretical constraints including elctroweak precision and flavour observables as well as experimental constraints coming from Higgs data Run-2 and from non-observed additional Higgs at Run-2 of LHC. Our proposal scenarios shows that the production and decay of charged Higgs in 2HDM type-1 and type-X are complementary depending on the assumptions of the 2HDM parameters. Additionally, we find that in a wide range of parameter space in which non-standard neutral Higgs boson h of about 95 GeV can change dramatically the decay of light charged Higgs.
Itroduction
Recent discovery of a scalar particle at the Large Hadron Collider (LHC) [1, 2] together with various successful experiments has established the Standard Model (SM) as the fondamental theory of strong and electroweak interactions. Despite its great success in explaining all available data, the SM has serious deficiencies and there are several phenomenological indications that all questions cannot find an answer in the SM. The arguments supporting an extension of the SM is then well motivated.
The Two-Higgs-Doublet Model (2HDM) is one of the simplest beyond the SM extension of the Higgs mechanism of the electroweak symmetry breaking which may arise naturally in the scalar sector of various theories. In this model, we introduce two doublets of scalar fields Φ 1 and Φ 2 . This simple extension contains very interesting charged Higgs sector. Adding Φ 2 in the 2HDM potetial increases the numbers of free parameters substantially which lead to additional degrees of freedom in the scalar sector. Furthermore, we left with three massive neutral scalars h, H and A in the CP-conserving limit and a charged Higgs boson H ± . One of the neutral Higgs bosons can be identified as SM-like with mass at 125 GeV. In order to avoid tree-level flavour-changing neutral currents from the Yukawa interaction several symmertries are imposed in the 2HDM. As a result different versions of 2HDM exist and labelled as type-1, type-2, type-X and type-Y.
Charged Higgs bosons pose a special challenge for experimental searches. They are dominantly produced in association with top quarks (tbH ± ). The H ± → tb holds a little chance for discovering charged Higgses at the LHC due the large luminosity. In Ref we pointed a potential decay modes H ± toWA and W h. In this contribution we propose benchmark points for charged Higgs decays at the LHC Run-2, taking into account several existing contraints on the parameter space of 2HDM type-1 and type-X. The contribution is organized as follows. In section.2, we introduce a brief review oh 2HDM and explore the benchmarks points.
The 2HDM
The most general scalar potential which is SU(2) L ⊗U(1) Y invariant is given by [3, 4] 
The complex (pseudo)scalar doublets Φ i (i = 1, 2) can be parameterized as
with v 1,2 ≥ 0 being the VEVs satisfying v = v 2 1 + v 2 2 , with v = 246.22 GeV. Hermiticity of the potential forces λ 1,2,3,4 to be real while λ 5 and m 2 12 can be complex. In this work we choose to work in a CP-conserving potential where both VEVs are real and so are also λ 5 and m 2 12 . After EWSB, three of the eight degrees of freedom in the Higgs sector of the 2HDM are eaten by the Goldstone bosons (G ± and G) to give masses to the longitudinal gauge bosons (W ± and Z). The remaining five degrees of freedom becomes the aforementioned physical Higgs bosons. After using the minimization conditions for the potential together with the W ± boson mass requirement, we end up with seven independent parameters which will be taken as
where, as usual, tan β ≡ v 2 /v 1 and β is also the angle that diagonalizes the mass matrices of both the CP-odd and charged Higgs sector while the angle α does so in the CP-even Higgs sector.
The most commonly used version of a CP-conserving 2HDM is the one which satisfy a discrete
, that, when extended to the Yukawa sector, guarantees the absence of Flavor Changing Neutral Currents (FCNCs). Such a symmetry would also require m 2 12 = 0, unless we tolerate a soft violation of this by the dimension two term m 2 12 (as we do here). The Yukawa Lagrangian can then be written as
where To avoid having those large FCNC processes, one known solution is to extend the Z 2 symmetry to the Yukawa sector. When doing so, we end up with the already discussed four possibilities regarding the Higgs bosons couplings to fermions [4] .
After EWSB, the Yukawa Lagrangian can be expressed in the mass eigenstate basis as follows [5, 6] :
We give in Tab. 1, the values of the Yukawa couplings in the 2HDM type-1 and type-X. The couplings of h and H to gauge bosons V = W ± , Z are proportional to sin(β − α) and cos(β − α), respectively. Since these are gauge couplings, they are the same for all Yukawa types. The 2HDM possesses two alignment limits: one with h SM-like [7, 8] and an other one with H SM-like [9, 10] .
In the present study, we will take into account two scenarios. For the first one we assume that h is the SM-like Higgs boson discovered at CERN, which implies that cos(β − α) ≈ 0 and in the second one we will focus on the alignment limit where H is the SM-like in this case the limit sin(β − α) ≈ 0 seems to be favored by LHC data.
Light charged Higgs Boson
Light charged Higgs states, i.e, with m H± ≤ m t − m b , are copiously induced by tt production followed by the top decay t → bH + (or the equivalent antitop mode). When kinematically allowed, pp → tt → bbH − W + + c.c. provides the most important source of light charged Higgs bosons, above and beyond the yield of various direct production modes: gb → tH − and gg → tbH − [14] [19] . (See also Refs. [20, 21] for a review of all available H ± hadro-production modes in 2HDMs.)
Searches for light charged Higgs boson with mass m H ± < m t have been performed by both ATLAS [22, 23, 27, 26, 25, 24] and CMS [28, 29, 30, 31] . The most relevant constraints in our scenarios are the constraints on the production of a light charged Higgs via top quark decay, t → H + b, with subsequent decays H ± → τ ± ν [22, 23, 27, 25, 30, 31] , H + → cs [26, 29] and H + → cb [28] .
Parameter space scans and constraints
We numerically scanned the parameters of 2HDM-I and 2HDM-X using the public program 2HDMC [13] in the ranges:
(4.1) with m h = 95 GeV and m H = 125 GeV, During the scan, each sampled model point was subjected to the following conditions:
• Unitarity, perturbativity, and vacuum stability enforced through the default 2HDMC method.
• The oblique parameters S, T and U were calculated with 2HDMC methods and were required to fall within 95% Confidence Level (CL) ellipsoid on 2018 PDG values [32] , S = 0.02±0.10, T = 0.07 ± 0.12 and U = 0.00 ± 0.09 with correlations ρ ST = 0.92, ρ SU = −0.66 and ρ TU = −0.86.
• All scalars in the models satisfied all (95% CL) constraints included in the program HiggsBounds 5.2.0 [33] , as well as the requirement that one of the neutral scalar states should match the properties of the observed SM-like Higgs boson and we guarantee that with HiggsSignals [34] code.
• Satisfaction of the 95% CL limits on b-physics observables calculated with the public code SuperIso-v3.6 [35] . 
Results and discussions
In this contribution, we activate the following set m h = 95 GeV and m H = 125 GeV. This scenario is well motivated from the experimetal of view. In fact, looking few events around 95 GeV is very exiting and it must be investigated in 2HDM. The best-point is given in table.4 with light tan β in 2HDM-type-1 and intermidiate values in 2HDM-type-X. It is clear from table.4 that BR(H → W + h) is maximal. Similary, we investigate this scenario and show our finding in Figure. (1), where the Br(H ± → XY ) in the 2HDM-I are mapped over the (m H ± , tan β ) plane with sin(β − α) = −0.13, m A = 169 GeV, m h = 95 GeV and m H = 125 GeV. For XY ≡ t * b (top left), XY ≡ cs (top right), XY ≡ τν (bottom left) and XY ≡ W ± * h and alternavely the predicted cross section σ (pp → tt) × Br(t → H + b) × Br(H ± → W ± h) in the 2HDM-1. Not like MSSM, where the situation of 95 GeV is not possible, 2HDM type-1 and type-X present an very important alternative for explainning 95 GeV and being consistent with recent data. Again 2HDM type-1 is the most promising framework in which data can explain various observables. 
Conclusion
In this contribution we confront the production and branching fractions of light charged Higgs in 2HDM type-1 and type-X with recent LHC data. Our finding are best-fit as well as some proposal benchmark points with the possibility of investigating then in the next Run-3. Light charged Higgs below the top quark mass still allowed by data even by increasing luminosity up to 300b f −1 . Light charged Higgs mass together with 95 GeV is also one of the important chanllenge at the next agenda of LHC communitty. 
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